and symptomatic hydrocephalus. 8 Children with shuntdependent hydrocephalus carry a lifelong burden of the possibility of experiencing a life-threatening ventricular shunt malfunction.
The objective of this study was to retrospectively review the short-and long-term outcomes of ELGANs who were managed in our NICU and who suffered severe IVH and required surgical intervention for symptomatic hydrocephalus over the past decade. The entire cohort of ELGANs with severe IVH and ventriculomegaly underwent long-term follow-up with respect to their need for treatment of symptomatic hydrocephalus. Few studies have examined outcomes of the entire cohort. We hypothesized that the frequency of ventricular shunt placement had declined during the study period. We found that there was a relatively consistent population of preterm infants over the decade, with a stable incidence of severe IVH, ventriculomegaly, and need for serial LPs. However, there was a significant decrease in the proportion of patients requiring temporary or permanent ventricular shunt procedures in Period 2 (2004 Period 2 ( -2008 ) compared with Period 1 (1997 Period 1 ( -2001 ) (p = 0.005 and p = 0.009, respectively; Pearson chisquare test). This information may provide a framework for informed discussions with parents and caregivers about both the short-and long-term treatment risks and potential outcomes, and may guide research initiatives.
Methods
Approval for this study was obtained from the University Hospitals Case Medical Center Institutional Review Board. Data from the Neonatal Research Database, the neurosurgical operative log, and medical records at Rainbow Babies & Children's Hospital were used. The Rainbow NICU database was searched to identify all infants born with a gestational age younger than 30 weeks and a weight less than 1500 g who were admitted to the hospital within the first 3 days of life between January 1997 and December 2008. To assess trends in the general health of the preterm NICU population, we collected data on birth weight, EGA, survival at 2 years corrected gestational age, incidence of sepsis (defined as a positive blood culture), NEC, and BPD (defined as oxygen dependence at 36 weeks corrected age). Additional information collected from the database for ELGANs included survival to first cranial ultrasonography examination and cranial ultrasonography abnormalities including the most severe IVH grade, PVL, intracranial malformation, and ventricular dilation at any point during the neonatal period and at neonatal discharge. The grade of IVH was based on Papile's criteria. 11 The grade of IVH, ventricular dilation, and PVL were diagnosed by the attending pediatric radiologist at the time of the study. The most severe IVH grade during the neonatal period was used to stratify the infants. The hospital charts for infants with severe (Grade III and IV) IVH were further reviewed to collect data about whether symptomatic hydrocephalus (defined below) was diagnosed later in life and whether interventions to treat hydrocephalus were performed, including serial LPs, insertion of a temporary or permanent ventricular shunt, and any shunt revisions. For all surviving infants with severe IVH and an ultrasonography diagnosis of ventriculomegaly who had not undergone shunt surgery prior to neonatal discharge, a minimum of 2 years of follow-up data were obtained from a review of medical charts. None of the infants underwent transfontanel taps, external ventriculostomy, or ventricular endoscopic procedures to treat hydrocephalus.
During the study period, all ELGANs in the Rainbow NICU were routinely followed up using a standard protocol that includes obtaining serial head circumference measurements, neurological examinations, and cranial ultrasonography studies on Days 1-3, Days 7-14, and then, if abnormal, weekly for 4 weeks, and subsequently every 2-4 weeks thereafter. Nearly all of the cohort (97%) underwent ultrasonography examinations within the first 2 weeks of life. Ventricular dilation occurred in infants with hydrocephalus ex vacuo from encephalomalacia and in infants with symptomatic hydrocephalus. Symptomatic hydrocephalus was defined as clinical signs of increased intracranial pressure, including enlarging head circumference, full anterior fontanel, splayed cranial sutures, decline in neurological examination, poor feeding, lethargy, and irritability accompanied by progressive ventricular dilation noted on serial cranial ultrasonography studies. The pediatric neurosurgery team was consulted if the infant developed any clinical signs of symptomatic hydrocephalus. During the neonatal hospitalization, serial LPs were used as the initial treatment for symptomatic hydrocephalus. The protocol included a trial of LPs to determine whether intermittent CSF removal could effectively control the hydrocephalus. If serial LPs failed to adequately control symptomatic hydrocephalus, as determined by the attending neurosurgeon using the same clinical criteria as above, then a VSG shunt was inserted. During the entire study period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , only VSG shunts were used as the initial temporizing surgical procedure. All shunt surgeries in this series of neonates were performed by one of the 2 pediatric neurosurgeons at Rainbow during the study period (A.R.C. and S.R.). To insert a VSG shunt, a ventricular catheter was connected to a low-profile reservoir, and a metal connector was used to attach a valveless 6-cm piece of shunt tubing that was inserted into a subgaleal pocket. Malfunction of a VSG shunt was defined as failure to control symptomatic hydrocephalus and included wound dehiscence or CSF leakage. If the VSG shunt failed while the infant was deemed too small or otherwise at high risk for permanent shunt insertion, then the VSG shunt was removed or revised. If the VSG shunt failed and the infant was a suitable candidate for a permanent shunt, then a VP shunt was inserted. Ideal candidates for a permanent shunt generally weighed more than 2 kg, were without other significant active medical issues, and were infection free. If symptomatic hydrocephalus resolved prior to permanent shunt insertion, then the VSG shunt was not removed. No endoscopic procedures were performed. Former preterm NICU patients underwent follow-up in the Neonatology High-Risk Clinic and had follow-up rates exceeding 90%. All patients with ventriculomegaly and most patients with other neurological sequelae of preterm birth also underwent follow-up in the pediatric neurology and/ or pediatric neurosurgery outpatient clinics. Infants who underwent VSG shunt surgery without placement of a permanent ventricular shunt underwent follow-up in the pediatric neurosurgery clinic for the first 2 years of life, and patients with a permanent VP shunt underwent annual follow-up at least during the 1st decade.
Data are presented as the mean ± SD. Comparisons of nonparametric data were performed using the Pearson chi-square test, and p < 0.05 was considered significant. We used SPSS statistical software for the analyses (version 19.0, IBM SPSS, Inc.).
Results

Overall NICU Population
Between 1997 and 2008, a total of 1335 ELGANs were admitted to the Rainbow NICU within the first 3 days of life and met this study's inclusion criteria (< 30 weeks EGA and birth weight < 1500 g). The mean birth weight and EGA did not change significantly between Period 1 (1997-2001, 925 ± 254 g and 26.5 ± 1.8 weeks) and Period 2 (2004 Period 2 ( -2008 , 916 ± 265 g and 26.5 ± 1.9 weeks) (p = 0.59 and 0.78, respectively; 2-tailed t-test) (Fig. 1A) . The number of ELGANs who were admitted to the NICU per year also remained relatively constant (mean number of infants/year 111, range 95-121 infants/ year) (Fig. 1B) , which suggests a stable regional referral pattern to this institution over the study period. The Rainbow NICU admits newborns from across northern Ohio. During the study period, the proportion of very low birth weight infants (< 1500 g) and the proportion of very preterm infants (< 32 weeks EGA) in Ohio, and in Cleveland, the major metropolitan area in northern Ohio, closely mimicked the national trends (Fig. 1C) . Infant survival, defined as the proportion of ELGANs who survived to 2 years of age (mean 84.6%, range 81.1%-88.4%), and incidence of NEC also remained relatively constant from 1997 to 2008 ( Fig. 2 and Table 1 ). By contrast, the incidence of 2 other common complications in ELGANs, sepsis and BPD, decreased from Period 1 (1997) (1998) (1999) (2000) (2001) to Period 2 (2004 Period 2 ( -2008 ) (both p < 0.001, Pearson chisquare test) ( Table 1 and Fig. 2 ).
Of 1335 ELGANs born between 1997 and 2008, 1295 survived to undergo an initial cranial ultrasonography study within the first 3 days of life, and 111 (8.6%) suffered a severe (Grade III or IV) IVH. The proportion of infants There was no significant change in the EGA or birth weight over the study period. Given that the risk of severe IVH correlates highly with younger EGA and lower birth weight, the stable EGA and birth weight over the 12 years suggests that the risk of the overall NICU population did not change significantly over the study period. B: Graph showing the number of very preterm infants who were admitted to the Rainbow NICU within 3 days of birth between 1997 and 2008 and met the inclusion criteria (< 1500 g and < 30 weeks) for this study. The number was relatively stable over the study period. C: Graph depicting the percentage of live births born very preterm (< 32 weeks EGA) or at very low birth weight (VLBW) (< 1500 g) in the US, Ohio, and Cleveland, the major metropolitan area in northern Ohio (marchofdimes.com/peristats, accessed May 1, 2012). 3 ). Of the 111 infants who suffered a severe IVH during 1997-2008, 27.0% were also diagnosed using cranial ultrasonography as having PVL. The incidence of PVL remained stable over the period of study (Fig. 3) . Ventricular dilation on cranial ultrasonography was detected in infants with hydrocephalus ex vacuo and in infants with symptomatic hydrocephalus. Among infants with any grade of IVH from 1997 to 2008, 22.1% (74 of 335 infants) had ventricular dilation reported on at least 1 cranial ultrasonography study obtained at some point during the neonatal hospitalization. Not surprisingly, only 1.4% of infants with a Grade I/II IVH had ventricular dilation, while 59.5% of infants (66 of 111) with severe IVH showed ventricular dilation at some point in their neonatal course. The proportion of infants with severe (Grade III/IV) IVH who were diagnosed with ventricular dilation by ultrasonography remained stable from 1997 to 2008 (mean 5.1%, range 2.7%-7.8%) (Fig. 4) . Ten patients with severe IVH who survived the neonatal admission had unresolved ventricular dilation and no shunt at the time of discharge from the neonatal hospitalization. Nine of those patients had extended follow-up (mean 9.4 years, median 9 years; 1 lost to follow-up), and only 1 subsequently developed symptomatic hydrocephalus and required a permanent shunt insertion at 7 months.
Symptomatic Hydrocephalus Treatment
Serial LPs were the initial treatment for symptomatic hydrocephalus. The only data consistently available were whether an infant underwent a trial of serial LPs. Details of the LPs, such as how many were performed and how much CSF was removed each time, were not consistently available from the medical charts for analysis. Shunt data were reviewed from January 1997 through December 2010. Of the 111 ELGANs who suffered a severe IVH, 22 (19.8%) underwent insertion of a temporary VSG shunt during the neonatal admission. A trial of serial LPs had failed in all of these infants. No VSG shunts were inserted after discharge from the neonatal admission. The mean birth weight for infants who were treated with a VSG Table 1 . 4 . In this study ventriculomegaly was diagnosed by cranial ultrasonography and included both hydrocephalus ex vacuo and symptomatic hydrocephalus with symptoms and signs of increased intracranial pressure. The graph shows the proportion of very preterm infants with severe IVH, those with severe IVH plus ventricular dilation (VD) at any point during the neonatal admission, the proportion with severe IVH and persistent ventricular dilation at neonatal discharge, and the proportion treated with serial LPs. There was no significant change during the study period.
shunt was 985 g, the mean birth EGA was 26.6 weeks, and the mean age at VSG shunt insertion was 5.1 weeks (median 4 weeks, range 2-14 weeks). By comparison, the mean birth weight of ELGANs with severe IVH who did not undergo any shunt surgery was lower (823 g). Twenty patients (90.9%) who underwent VSG shunt insertion survived the neonatal admission. Three of those who survived (15%) had spontaneous resolution of hydrocephalus after temporary VSG shunt placement and did not require a permanent shunt at any point (mean follow-up 7 years, range 3.2-10.2 years). One infant with severe IVH and ventricular dilation who had been discharged as a neonate had late presentation of symptomatic hydrocephalus at 7 months and underwent permanent shunt insertion. Thus, 18 (16.2%) of 111 very preterm infants who suffered a severe IVH underwent insertion of a permanent VP shunt during infancy. Of the 18 patients who required insertion of a permanent shunt, 12 (66.7%) underwent insertion during the neonatal admission. Six patients underwent shunt insertion after they were discharged from the hospital as neonates, and 5 underwent insertion before 6 months of age. Overall, the mean age at the time of permanent shunt insertion was 3.2 months (median 3 months). For infants who had a permanent shunt inserted after discharge as a neonate, the mean age at the time of insertion was 5.2 months (range 3-7 months).
Despite a relatively stable incidence of severe IVH, the proportion of ELGANs with severe IVH who required a temporary or permanent shunt decreased over the 12 years (Fig. 5) . Comparison of the proportion of infants with severe IVH who required a temporary shunt during Period 1 (mean 35.0%) with those during Period 2 (mean 10.4%) showed a 70% decline in the proportion of infants who required surgical treatment for symptomatic hydrocephalus (p = 0.005, Pearson chi-square test). Similarly, the requirement for a permanent shunt decreased from 30% during Period 1 to 8.3% during Period 2 (p = 0.009).
Shunt Complications
None of the infants suffered a life-threatening complication related to the VSG shunt insertion, and surgical mortality was zero. Two (9.1%) of the 22 very preterm infants with severe IVH who underwent VSG shunt insertion died as neonates of conditions unrelated to hydrocephalus. One infant born in 1999 with a birth weight of 792 g died at 61 days (1 month after VSG insertion) of numerous complications of prematurity, including status epilepticus and pulmonary complications. An infant born in 2000 with a birth weight of 740 g died at 133 days of complications of NEC, approximately 2 months after VSG shunt insertion. The VSG had malfunctioned with a proximal occlusion, and the hydrocephalus was managed using serial LPs because the infant was deemed too ill to undergo a revision. A third infant born in 2001 with a birth weight of 653 g who underwent VSG shunt insertion at 3.5 months and permanent VP shunt insertion at 5 months had no revisions prior to his death at 17 months due to pulmonary complications. No ELGAN with severe IVH born after 2001 who underwent surgical treatment of hydrocephalus died. Although this is a small series, the mortality from any cause for infants who underwent surgical treatment of hydrocephalus remained low over the study period.
Five of 22 patients who underwent VSG shunt insertion suffered a wound complication, infection, or a malfunction of the initial VSG shunt (22.7% per patient, 25% per long-term survivor, and 20% per procedure). Removal of the VSG shunt due to wound dehiscence was required in 2 patients, and these patients were presumed to have infection. One of those patients had spontaneous resolution of the hydrocephalus, and the other had replacement of the VSG shunt 2 weeks later, followed by eventual permanent shunt insertion. Another patient had a Staphylococcus aureus infection that was successfully treated with intravenous antibiotics. A VSG shunt revision due to proximal occlusion was required in 1 patient. The VSG shunt malfunctioned in another patient who was too ill to undergo a revision (discussed above). Thus, in this series the infection rate for VSG shunts was 13.6% per patient (3 of 22), and 12% per VSG shunt procedure (3 of 25), and the VSG shunt malfunction rate was 9.1% per patient and 8% per procedure.
All 18 patients who underwent permanent shunt insertion survived the 1st year of life. One patient moved out of state, and the long-term shunt revision history is unknown. Follow-up was available for the remaining 17 patients with permanent shunts (94%). Six (35.3%) of the 17 patients required at least 1 revision of the permanent shunt during the 1st year of life. Four suffered shunt malfunctions, and 2 suffered a shunt infection. One patient who never underwent a revision died at 17 months of pulmonary issues, and 16 patients survived long term (mean follow-up 6.9 years, median 7 years). Of those 16 infants who underwent permanent shunt insertion and for whom long-term follow-up is available, 6 (38%) have never undergone a shunt revision, with a mean follow-up of 8.5 years (median 9.4 years). Nearly two-thirds (10 of 16) of the long-term survivors have not had any revisions since the 1st year of life, including 4 patients who underwent revisions during the 1st year. This suggests that revisions during the 1st year do not necessarily predispose patients to a higher rate of revisions later in childhood. The mean number of revisions after the 1st year of life was 0.7 per patient. Only one of the revisions after 1 year of age was complicated by infection. Overall, the mean number of revisions was 0.3 per patient-year of follow-up. None of the patients in this series underwent endoscopic fenestration of complex loculated hydrocephalus. Of the 16 long-term survivors with a permanent shunt, the majority also suffered from spasticity, epilepsy, cognitive delay, and behavioral abnormalities such as attention deficit disorder, hyperactivity, and autism spectrum disorders. All received special education services for cognition or behavioral deficits, therapy services for motor and speech delay, or both.
Discussion
This retrospective single-institution analysis of an entire recent cohort of ELGANs is unique in that it monitored all infants with severe IVH and ventricular dilation or shunt surgery at neonatal discharge for an extended period of follow-up. We found that over the past 12 years the overall population of ELGANs had a relatively stable incidence of neonatal risk factors, such as birth weight and gestational age and other complications of prematurity, except for the incidence of BPD and sepsis, which declined. The incidence of severe IVH also remained relatively constant. This clinical pattern is similar to that in some recent reports of outcomes during the past decade for very preterm infants, 14, 16 but not in others. 6 In this study, a relatively high proportion (55.4%) of ELGANs with severe IVH had ventricular dilation noted on at least 1 cranial ultrasonography examination performed at some point during the neonatal hospitalization. In this series, however, ventricular dilation included both hydrocephalus ex vacuo and symptomatic hydrocephalus associated with increased intracranial pressure, which may explain why the number of patients with ventricular dilation is higher than that reported by others who only included ventricular dilation that required surgical treatment. 
Reduction in the Need for Surgical Intervention
In the setting of a relatively consistent population of very preterm infants with severe IVH, we report for the first time a decrease in the proportion of these infants who required surgical intervention for symptomatic hydrocephalus. We found a significant decline in the placement of temporary VSG shunts from Period 1 (1997 Period 1 ( -2001 to Period 2 (2004 Period 2 ( -2008 , p = 0.005). In the recent study from St. Louis Children's Hospital, the number of temporary VSG shunts inserted increased over a similar study interval. 6 In that study, the mean annual percentage of infants (EGA < 40 weeks and birth weight < 1500 g) with severe IVH who required a temporary shunt was 30.8%, 6 while ours over the same interval (1997-2008) was 19.8%. We also found a significant decline in the need for permanent VP shunt insertion between Periods 1 and 2 (p = 0.009). This reduction in the need for ventricular shunting is important because of the lifelong burden of shunt-dependent hydrocephalus and potential shunt malfunction. In the US during 2008 (the most recent year for which data are available), approximately 61,000 infants were born weighing less than 1500 g. 9 If the outcomes at our institution are extrapolated to the larger US population, then approximately 5490 ELGANs (9%) per year will suffer a severe IVH. Moreover, approximately 460 (0.8%) of these infants per year will require insertion of a permanent ventricular shunt that may require lifelong surveillance and treatment.
The reason for this unprecedented reduction in the need for surgical intervention is not yet clear. The percentage of preterm infants born in Rainbow's catchment area across northern Ohio parallels national trends. Through examination of the NICU survival data, we found relatively constant survival curves over the past 12 years for short-term survival (survival to initial cranial ultrasonography within 3 days of birth) and survival to 2 years. This suggests that the decline in the need for surgical intervention was not due to lack of survival of sick infants with severe IVH. Also, the proportion of infants with severe IVH, ventricular dilation, and symptomatic hydrocephalus requiring treatment with serial LPs remained relatively constant over the study period, which suggests that the incidence of infants who potentially would require surgical intervention was stable. We were unable to collect sufficient detail about the LPs, except to know whether a trial of LPs was attempted in each patient, which limited the conclusions we could draw about the efficacy of serial LPs. The neonatologists, pediatric radiologists, neurologists, and neurosurgeons responsible for the care of these infants did not change over the study period, which suggests that the reduction is not due to a change in practitioners or practice philosophy. Our threshold for surgical intervention in preterm infants with severe IVH is similar to that of others. 3 We endorse the concept that prolonged symptomatic hydrocephalus can potentially impair neurodevelopment, and we tended to intervene surgically within 2 days if treatment with serial LPs failed in the infant. Most of the patients with severe IVH and ventricular dilation on cranial ultrasonography at neonatal discharge (90% follow-up) or with temporary neonatal surgical intervention (100% follow-up) underwent long-term follow-up to confirm that no child suffered from under-treatment of symptomatic hydrocephalus. To summarize, the decline in the need for shunting was not due to the following factors: 1) a lower risk population of preterm infants being admitted to the NICU; 2) lack of treatment of the sickest infants; 3) change in the proportion of infants who developed a severe IVH, ventricular dilation, or need for serial LPs; 4) change in the treating physicians and surgeons or treatment philosophy for symptomatic hydrocephalus; or 5) lack of follow-up.
We propose that the subgroup of ELGANs with severe IVH who require surgical intervention for symptomatic hydrocephalus composes a sicker cohort than infants who do not develop persistent symptomatic hydrocephalus. The infants who require a permanent ventricular shunt tend to have more cognitive impairment and a greater burden of other chronic neurological problems than infants with severe IVH who do not require shunts. 8 One explanation for the observed reduction in the need for surgical intervention may be that advances in neonatology practice may be supporting the overall health of these very fragile infants better, minimizing additional CNS injury, and increasing the chances of spontaneous brain recovery and resolution of the hydrocephalus. In support of this concept, there has also been a reduction in the incidence of severe cystic PVL over the past decade.
17
Changes in neonatology practice over the past decade include greater use of caffeine for apnea and erythropoietin for anemia of prematurity in some centers. Both of these interventions have been shown to enhance neurodevelopmental outcomes in a few studies, 2,10,13 but the efficacy has not been demonstrated yet in rigorous Phase III trials. Nutrition practices for these infants have also changed over the past 12 years with an increased awareness of the benefits of feeding with human milk. 4, 12 Revised resuscitation measures, decreased use of mechanical ventilation, and postnatal corticosteroids may contribute to the improved outcomes. 1, 18 Finally, infection reduction practices have been implemented in the past several years, such as the strict adherence to sterile technique for bedside procedures. Together, these changes may be minimizing the degree of illness and secondary injury for these infants. These changes also may have not been well detected by the parameters routinely collected for the NICU database. For example, in the NICU database, sepsis is recorded as a positive blood culture. The impact for an infant who experiences a relatively asymptomatic course from a more benign microbe and early effective antibiotic treatment is likely quite different from an infant with multisystem organ failure from florid gram-negative sepsis. Our current data collection methods do not capture these differences. Serum biomarkers may provide an additional means to classify and track the severity of illness in these infants.
Another possible explanation for the decrease in the need for ventricular shunting is that some infants are genetically more predisposed to poor outcomes from severe IVH or other CNS insults due to preterm birth. A recent study revealed that children who were born preterm and developed cerebral palsy had an excessive peripheral leukocyte response to an inflammatory challenge at 5 years of age that was not present in children who were similarly born preterm but were neurologically normal. 7 The Rainbow NICU serves a diverse population, but the demographic pattern is relatively stable. This is a single-institution study and the study population may differ from that of other NICUs.
Overall in this series, temporary VSG shunts were inserted in 19.8% of 111 ELGANs with severe IVH, and 16.2% of the 111 infants eventually required insertion of a permanent VP shunt. Two infants died in the neonatal period, and 3 had spontaneous resolution of symptomatic hydrocephalus. Thus, 77.3% of the temporary shunts (17 of 22) were converted to permanent shunts, a proportion similar to what other authors have reported. Our rate of ventricular shunt complication is similar to that which has been previously reported. 5, 15 This is a very vulnerable population with high surgical risks, including poor wound healing, anemia and thrombocytopenia, poor nutrition, and numerous other medical problems. The infection rate was 12% per temporary shunt procedure. Of note, we classified any VSG shunt associated with a wound dehiscence as infected, regardless of whether a positive CSF culture was obtained. Protocols used in older children at the time of shunt surgery that have been shown to reduce the risk of shunt infection, including preoperative baths and skin preparation with chlorhexidine and a perioperative course of nasal mupirocin, are not currently approved for use at our institution for infants younger than 2 months corrected age.
The risk of VSG shunt malfunction in this series was 8% per procedure, which is similar to that in other recent series. 6 Most catheter occlusions were likely due to obstruction by debris from the resolving IVH clot. For temporary ventricular shunting, we prefer to use VSG shunts rather than ventricular access devices (ventricular reservoirs). No study has yet shown a distinct advantage of VSG shunts over ventricular access devices.
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In this study, combining the NICU data set, neurosurgical operative log, and medical records allowed us to document the natural history of the entire population of ELGANs who suffered a severe IVH during the past 12 years. We were able to follow the entire cohort over the long term because of the consistent surveillance provided by the High Risk Neonatology Clinic. A limitation of this study is that it is a single-institution retrospective experience. Because it is a retrospective analysis, not all of the data desired, such as details regarding the uniformity and efficacy of serial LPs, were available. As a single-institution study, the findings from this report may not be widely applicable to other centers with different populations due to genetic and environmental factors.
Conclusions
To our knowledge, this is the first report of a significant reduction in the need for temporary and permanent ventricular shunting for symptomatic hydrocephalus in ELGANs with severe IVH. This reduction is clinically significant because a permanent VP shunt is associated with a lifelong risk of a potentially life-threatening shunt malfunction. The reduction in the need for surgical intervention for symptomatic hydrocephalus occurred in the setting of a relatively stable incidence of neonatal risk factors, incidence of severe IVH, ventricular dilation, need for serial LPs, and practice management pattern. We were able to identify and track the entire NICU population of ELGANs who suffered IVH and were at risk for developing symptomatic hydrocephalus during childhood. To better understand the predictive factors driving the decreased need for surgical intervention after severe IVH in very preterm infants, a multiinstitutional study that collects detailed information about the overall NICU course is needed.
